MINING CHEMICALS CASE STUDY

Orfom® D8 Depressant

Overview

This case study outlines a

successful commercial

implementation of Orfom® D8
Product Summary Depressant as a replacement of

Orfom® D8 Depressant is a water soluble product : : ,
useful for selective depression of copper, iron and sodium hydrosulfide (NaSH) in a

lead mineral sulfides during the flotation process of copper-molybdenum concentrator
molybdenum. This reagent is effective in depressing
primary and secondary copper sulfides, iron as pyrite
and chalcopyrite, and to a partial extent lead as
galena, in primary and by-product molybdenite
flotation circuits.

A safer, more efficient reagent for copper/molybdenum separation

Highlights
ighlig Eliminated odor

A customer faced daunting obstacles in safe and
efficient molybdenum concentrate production

through use of the historical depressant reagent
sodium hydrosulfide (NaSH).

Struggles included odor complaints from the nearby l‘

community and operations personnel, erratic final Consistent final Mo grade >53%
molybdenum grade and increasing reagent dosages
(and associated costs) to achieve target
molybdenum quality.

Through commitment to operational excellence and IV—V" _
technical support from Chevron Phillips Chemical Reduced reagent consumption 60%
Company LP (CPChem) Mining Chemicals, Orfom®

D8 Depressant provided the needed solution.

0”6 ® Reduced reagent costs 30%
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A history of success

This operation is one of the world’s largest open pit
copper mines, and having opened in 1899, is one
of the oldest on the North American continent.

The site produces more than 200,000 metric tons
of copper per year through two sulfide flotation -
concentrator operations, and two on-site solvent
extraction-electrowinning plants.

The site operates a secondary molybdenum
production facility and has proven to be a leader in
commercializing breakthrough technologies. It was
one of the first concentrators to adopt sodium
hydrosulfide (NaSH) technology for copper-
molybdenum separation, the primary reagent used
for such operations today, implementing NaSH use
almost 50 years ago.

Looking to the future

While NaSH had provided reasonable mineralogical
performance, personnel recognized the need for a
more user-friendly and economical reagent for
molybdenum production.

The operation faced several difficulties in the use of
NaSH including odor emissions that resulted in
constant complaints from the surrounding
community, exposure risks to personnel, and
inconsistent final molybdenum concentrate grade.
Furthermore, NaSH consumption had risen so
drastically (up to more than 27 Kg/MT) because the
site does not utilize inert gas (nitrogen) as well as
ore composition changes continually causing the
molybdenum concentrate production to be
uneconomical.

Customer Overview
Operational since 1899
Employees: >6,000
Location: North America
Minerals: Cu/Mo
Operation: Heap leach,
flotation mill and concentrator

Challenges
Odor emissions
Employee exposure risks
Inconsistent final Mo grade
Uneconomical costs

A search for an alternative copper-molybdenum
separation technology led to interactions with
CPChem regarding Orfom® D8 Depressant.
Through collaborative investigation, it was
determined that Orfom® D8 Depressant could
provide the needed performance solution.
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Implementation
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Benefits on plant conversion
Plant trial and optimization of Orfom® D8
Depressant added to the concentrated rougher

circuit occurred over a several week period. 100 POAR PP 100
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recovery was improved and final molybdenum
concentrate grades were higher (up to 55% final & 80 80 S
grade) and more consistent. 2 70 70 g
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Benefits on plant conversion 30.0
Upon introduction of Orfom® D8 Depressant, —o—NaSH ——D8
NaSH consumption (dosage) was >25 Kg/MT 25.0
of copper-molybdenum concentrate feed.
Within three weeks NaSH consumption was 20.0 \

15.0 \

10.0 A

reduced to <5 Kg/MT and the overall reagent
consumption, NaSH plus Orfom® D8,
reduced to <11 Kg/MT. While low amounts of
NaSH are still being utilized in the cleaner

stage, Orfom® D8 Depressant dosage has 5.0
been further optimized to <1.5 Kg/MT and 0.0 A

Consumption (Kg/MT)

reducing total reagent costs for the operation 10 12 13 15 20 21 22 23 24 25 26 27
by 30%. Conditions are now being optimized Day (March 2017)

for complete NaSH removal in the cleaner

circuit.

Solution summary
Orfom® D8 Depressant achieved all the l‘
desired performance targets including lower
odor emission from operation, improved
hazard profile for operator handling, lower
consumption rates and reduced operations

Eliminated odor Consistent final Mo
grade >53%

costs.

Contact Chevron Phillips Chemical Company

LP Mining Chemicals group with any I\;”' %

questions and to determine if Orfom® D8 Reduced reagent Reduced reagent
Depressant technology may be a solution for consumption 60% costs 30%

your operation.
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Before using this product, the user is advised and cautioned to make its own determination and assessment of the safety and suitability of the product for the specific use in question and is further advised against relying
on the information contained herein as it may relate to any specific use or application. It is the ultimate responsibility of the user to ensure that the product is suited and the information is applicable to the user’s specific
application. Chevron Phillips Chemical Company LP does not make, and expressly disclaims, all warranties, including warranties of merchantability or fitness for a particular purpose, regardless of whether oral or written,
express or implied, or allegedly arising from any usage of any trade or from any course of dealing in connection with the use of the information contained herein or the product itself. The user expressly assumes all risk
and liability, whether based in contract, tort or otherwise, in connection with the use of the information contained herein or the product itself. Further, information contained herein is given without reference to any
intellectual property issues, as well as federal, state or local laws which may be encountered in the use thereof. Such questions should be investigated by the user. Additional Information on the health and safety aspects
of our product is listed in the SDS of the product.




